We describe irreducible representations of the extended Poincaré parasuperalgebra (PPSA) which includes an arbitrary number N of parasupercharges, n (n ≤ { N 2 }) central charges and internal symmetry group. We also discuss wave equations invariant w.r.t. the PPSA and propose a parasupersymmetric generalization of the Wess-Zumino model for arbitrary p and N.
Introduction
There are two approaches in modern physics which, in some sense, treat bosons and fermions on equal rights. One of them is called supersymmetry [1] , [2] and presupposes using of equivalence transformations which mix fermionic and bosonic states. The other approach is connected with parastatistics and paraquantization [3] , [4] . In these theories a fundamental role is played by a so called paraquantization order p, and for the limiting case p → 0 parabosons are in some sence transformed to fermions and vice versa, parafermions are transformed to bosons [5, 6] (for other properties of parastatistics see, e.q. [7] , a more modern treatment was presented in [8] ).
Both the approaches are unified in the theory called parasupersymmetric quantum mechanics (PSSQM) which appeared in 1988 [9] . It awaken undoubted interest and stimulated a number of investigations, see [10] and references cited therein. Parasupersymmetry was used in relativistic quantum mechanics [11] . Parasuperpotentials admitting Lie and non-Lie symmetries were investigated in [12] , hidden SU(3) symmetry of equations of PSSQM was established in [13] .
An interesting problems of relativization of PSSQM was stated and partially solved in paper [14] , where the grounds of parasupersymmetric quan-tum field theory (PPSQFT) were formulated. We notice that in fact such a theory was discussed earlier, and the concept of the Poincaré parasupergroup (which is symmetry group of parasupersymmetric quantum field theory) was suggested by Jarvis as far as in 1978 [15] . For modern trends in application of parasupersymmetry in quantum field theory refer to [16] .
In [14] , [15] IRs of the simplest N = 1 Poincaré parasuperalgebra were considered and some representations corresponding to time-like and light-like four-momenta were discussed. All nonequivalent hermitian IRs for time-like, light-like and space-like four-momenta had been described in [17] .
Representations of the extended Poincaré parasuperalgebra p(1, 3; N ) (i.e., the Poincaré parasuperalgebra with an arbitrary number N of parasupercharges, which includes the external symmetry algebra) were described in [18] and [19] . Moreover, the relations of representations of p (1, 3 ; N ) with representations of the pseudoortogonal algebras so(p, q) was established and widely exploited in paper [19] .
But in papers [14] - [19] an important possibility was ignored which had been succesfully used in supersymmetric quantum field theory, refer, e.g.., to [20] , [21] .. This is to make an additional extension of the PPSA by introduction of so called central charges which form a commutative centre of the algebra. And it is the possibility which is discussed here.
The present paper continues and in some sense completes the series of works [17] [18] [19] in which the group-theoretical foundations of PSSQFT were created. We describe IRs of the extended Poincaré parasuperalgebra with an arbitrary number N of parasupercharges, internal symmetry algebra and n central charges (n ≤ N/2 for even N and n ≤ (N − 1)/2 for N odd).
The PPSA with the central charges is a direct generalization of the corresponding Poincaré superalgebra [22] and can be used, e.q., to construct parasupersymmetric dynamical models describing parasupermultiplets with variable masses. However, this generalization is by no means trivial. An interesting new feature of the extended PPSA (in comparison with the Poincaré superalgebra) is the existence of such IRs which correspond to values of central charges larger then doubled mass.
The other specific feature of the present paper is that we formulate the results in terms of IRs of pseudoorthogonal groups and in terms of parasuperfields and paragrassmanian variables as well. Finally, we present linear and nonlinear models invariant w.r.t. the PPSA.
Extended Poincaré Parasuperalgebra
The Poincaré prasuperalgebra [14, 15, [17] [18] [19] is generated by ten generators P µ , J µν , (µ, ν = 0, 1, 2, 3) of the Poincaré group, satisfying the commutation relations [P µ , P ν ] = 0, [P µ , J νσ ] = i(g µν P s − g µσ P ν ),
[J µν , J ρσ ] = i(g µσ J νρ + g νρ J µσ − g µρ J νσ − g νσ J µρ ) (2.1) and N parasupercharges Q 
where σ ν are the Pauli matrices, ε AB is the universal spinor ε 11 = ε 22 = 0, The parasupercharges are supposed to be Weyl spinors and so they should satisfy the following commutation relations with generators of the Poincaré group:
. We stress that the extended PPSA is a direct (and natural) generalization of the Poincaré superalgebra (PSA). Indeed, the PSA also includes 10 + 4N elements satisfying (2.1), (2.3), but instead of (2.2) supercharges Q 
Relations (2.2) are a mere consequence of (2.4), the converse is not true. This statement follows from the formal identity which is valid for arbitrary three operators A, B, C
Thus, the PSA is a particular case of the more general algebraic structure called PPSA, like the usual Fermi statistics is a particular case of the parastatistics [6] .
Like the Poincaré superalgebra the PPSA can be extended by adding the generators Σ l of the internal symmetry group which satisfy the following relations:
[
where f k lm are structure constants of the internal symmetry group. The constants T I lJ are specified in the following.
Wigner Little Parasuperalgebra
The extended Poincaré parasuperalgebra (2.1)-(2.3), (2.6) has two main Casimir operators [19] 
where
Here W µ is the familiar Pauli-Lubanski vector. We will use eigenvalues of C 1 , C 2 to classify IRs. Like the case of the ordinary Poincaré group [23] , IRs of the PPSA are qualitatively different for the following cases I.
For the cases I and II there exists the additional Casimir operator C 3 = P 0 /|P 0 | whose eigenvalues are ε = ±1. Here we consider only such representations which correspond to C 1 > 0 and C 3 > 0. This class of representations will be denoted as I + . As follows from (2.1)-(2.3) four-vector B µ satisfies the relations
Considering these relations in the rest frame P = (M, 0, 0, 0) we conclude that the related three-vector
† and satisfies the commutation relation which characterize algebra so(3):
If the central charges are trivial (i.e., Z ij ≡ 0) then relations (2.2) are reduced in the rest frame to the following form
The remaining double commutators are either equal to zero or can be reduced to (3.6) . Let the central charges are nontrivial, then using the unitary transformation
we can reduce the antisymmetric matrix Z ij to the quasidiagonal representation such that all nonzero elements have the following form 8) where
}, are real and non-negative values.
A and choosing a new basis
we reduce relations (2.2) in the rest frame P = (M, 0, 0, 0) to the form
the remaining double commutators of the parasupercharges are equal to zero.
Thus description of IRs of the extended PPSA, belonging to Class I + , reduces to description of representations of the little Wigner parasuperalgebra (LWPSA) defined by relations (3.5), (3.6) (or (3.5), (3.10) ). In accordance with (3.5) the LWPSA is a direct sum of algebra so(3) (realized by j 1 , j 2 and j 3 ) and the algebra formed by parasupercharges.
Classification of IRs and Explicit Form of Basis Elements

Various Types of Central Charges
It is well known that hermitian IRs of the extended Poincaré superalgebra can be defined only in the case when values of supercharges do not exceed 2M [22] . We will see that in the case of PPSA such IRs exist for any real values of Z m .
We specify the following cases 
IRs with Trivial Central Charges
These representations are described in papers [17] [18] [19] . The related WLPSA can be enclosed into the direct sum of the orthogonal algebras
and so IRs of the PPSA are induced by IRs of so(4N +1) and so(3). They are labeled by the sets of numbers (M, j, n 1 , n 2 , ..., n 2N ) where n 1 ≥ n 2 ≥ n 3 ≥ ... ≥ n 2N ≥ 0 are both integers or half integers, j is an integer or half integer. The explicit form of the corresponding basis elements P µ , J µν , Q i A ,Q j A in the momentum representation up to unitary equivalence can be chosen as [17] [18] [19] 
; S a andQ j A , (a = 1, 2, 3; j = 1, 2, ..., N ; A = 1, 2) are matrices given by the following relations
Here p = 0 (we introduce this parameter for futher references), Λ = 4N + 1, s = N , S mn are generators of algebra so(4N + 1) satisfying the following relations
(where g kl = −δ kl and δ kl is the Kronecker symbol) and realizing IR D(n 1 , n 2 , ..., n 2N ), j a are basis elements of algebra so(3), belonging to IR D(j). We see IRs of the PPSA belonging to Class I + can be described in rather straightforward way. For other classes of representations refer to [17] [18] [19] .
IRs with
Let all central charges are nontrivial and satisfy the condition Z m < 2M . Then, using the analogy of (3.6) with (3.10), we find the general solutions of relations (3.10) in the form
where S ij are generators of so(4N + 1) satisfying relations (4.6), Λ = 4N + 1,
. Substituting (4.7) into (3.9) we obtain parasupercharges in the rest frameQ
If N is odd then we again have N − 1 parasupercharges (4.8) and the additional parasupercharge whose components arẽ
The related vector of spin S a has the form
where j a are generators of the IRs D(j) of algebra so(3), commuting with S µν,
For N evenS a = 0 while for the case of odd Ñ
In accordance with the above, the IRs of Class I + of the extended Poincaré parasuperalgebra with central charges Z m < 2M are induced by IRs of algebra (4.2) and so are labeled by the sets of numbers (M, j, n 1 , n 2 , ..., n 2N , Z 1 ,
.. are either integer or half integer). The corresponding basis elements P µ , J µν are given by relations (4.3) (where S a , a = 1, 2, 3, have the form (4.10)) and the corresponding parasupercharges (which can be obtained starting with (4.7) by means of the Lorentz transformation) have form (4.3), whereQ j A are matrices given by relations (4.8), (4.9) . In the case Z m > 2M it is convenient to search for solutions of relations (3.10) in the formQ
and use the old representation (4.7) for parasupercharges with even numbers. As a result we again come to the representations (4.8), (4.9) and (4.10) for parasupercharges and spin vector respectively. Using the technique developed in [17] [18] [19] it is possible to show that the corresponding LWPSA is induced by the following algebras
(4.14)
Thus the related matrices S µν should belong to the pseudoorthogonal algebra so(2N, 2N + 1) if N is even and to algebra so(2N − 4, 2N + 5) if N is odd. These algebras are characterized by commutation relations (4.6) where 
The Case
In the case Z m = 2M the expressions in the l.h.s. of (3.10a) are reduced to zero. As a result for N even we obtain instead of (4.7) and (4.8)
, S µν , (µ, ν = 1, 2, ...2N +1) are matrices satisfying (4.6) and belonging to IR D(n 1 , n 2 , ..., n N ) of algebra so(2N + 1).
If N is odd then we again have N − 1 parasupercharges (4.16) (where Λ = 2N + 3) and the additional parasuperchargeQ N A , wherẽ
The corresponding spin operators have the form
}, p = 0,S a = 0 for N even andS a are given by formulae (4.12) for N odd.
The corresponding basis elements of the PPSA in arbitrary frame of reference are given by relations (4.3) whereQ The related symbols S kl used in (4.3), (4.4), (4.8) and (4.16) denote basis elements of the Lie algebra of pseudoorthogonal group SO(4N − 2m 3 − 2m 2 + 1, 2m 2 ).
The corresponding vector of spin has the form 
Finally, the related basis elements of the PPSA in an arbitrary frame of reference again are given by relations (4.3) whereQ j A and S a are matrices defined in the present section.
Thus in the case of central charges of mixed type the LWPSA can be enclosed into the Lie algebra
which induces IRs of the PPSA.
Internal Symmetries
General Analysis
Let us demonstrate that the space of IR of the extended PPSA is a carrier space for the internal symmetry group, and construct explicitly the related group generators. If central charges are trivial then commutation relations (2.1)-(2.3) are transparently invariant w.r.t. unitary transformations
and so the corresponding PPSA admits the internal symmetry group U (N ). If central charges are nontrivial then the internal symmetry group is less extended. Indeed, consider the first of relations (2.2) for A = C = 1, B = 2:
Calculating commutators of the l.h.s and r.h.s. of (5.2) with Σ l and using (2.6) we come to the following condition
In other words, a product of a generator of the internal symmetry group with the matrix of central charges should be a symmetric and hermitian matrix.
In the case of N even and all Z m = 0 relation (5.3) specifies algebra sp({ N 2 }). For N odd or for Z m of combined type (4.1) the matrix Z kl is equivalent to the direct sum of the invertible antisymmetric matrix and the zero matrix and the related conditions (5.1), (5.3) specify the direct sum of algebras sp(
Thus the structure of internal symmetries for the PPSA is clear and is analogous to the case of PSA [22] . We shall find generators of the internal symmetry algebra in the explicit form and show that this algebra is a subalgebra of (4.21). We will consider successively all the cases enumerated in Subsection 4.1.
Internal Symmetries for Trivial Central Charges
If Z kl ≡ 0 then IRs of the PPSA are induced by algebra (4.2). To find the internal symmetry algebra it is sufficient to define the maximal subalgebra of (4.2), whose generators Σ ab satisfy the condition
where S c is operator of spin (4.5). Indeed, condition (5.4) selects matrices which commute with generators P µ , J µν (4.3) of the Poincaré group. A complete set of such matrices can be chosen in the following form
Operators (5.5) satisfy (5.4) and fulfill the following relations
and so form a basis of the internal symmetry algebra u(N ).
Internal Symmetries for Z m = 2M
If 0 < Z m < 2M and N is even then IRs again are induced by algebra (4.2). The internal symmetry algebra is a subalgebra of (4.2) whose basis elements are A kn , B kn = B nk and C kn = C nk where
),
, n), linearly independent matrices A kn , B kn and C kn which satisfy the following commutation relations ). In accordance with (5.9) this is the internal symmetry algebra for representations of Class I + provided N is even and 0 < Z m < 2M .
For the case of N odd the internal symmetry algebra is sp(
. The basis elements of sp(
) are again given by relations (5.8) where k, n = 1, 2, ...
and the generator of u (1) is
Formulae (5.8), (5.11) present basis elements of the internal symmetry algebra for the case Z m > 2M also. In accordance with (4.14) the related matrices S µν belong to so (2N, 2N +1) if N is even and to so (2N −4, 2N +5) if N is odd. The related internal symmetry algebra is a subalgebra of (5.12) whose basis elements can be chosen in the form
(S 4k−3, 4n−1 + S 4k−2, 4n + S 4n−3, 4k−1 + S 4n−2, 4k ),
(5.13)
}, S µν ⊂ so(2N +1) for N even and S µν ⊂ so(2N + 3) if N is odd. Matrices (5.13) satisfy commutation relation (5.10) and so form a basis of algebra sp({ N 2 }). They also satisfy conditions (5.9) with operators (4.16), (4.18) and so form the internal symmetry algebra. For the case of odd N the internal symmetry algebra is sp(
) ⊕ u(1) and includes additional generator (5.11).
Internal Symmetries in General Case
Let central charges are of mixed type described by formula (4.1). Then IRs of the PPSA are induced by algebra (4.21). The corresponding internal symmetry algebra (ISA) is
(5.14)
The basis elements of u(N − 
, j),
, j), −i(S 8k−3, 8p+4i−3 + S 8k−2, 8p+4i−2 + S 8k−1, 8p+4i−1 + S 8k, 8p+4i ), b(k, j) = S 8k−3, 8p+4i − S 8k−2, 8p+4i−1 + S 8p+4i−3, 8k − S 8p+4i−2, 8k−1 +i(S 8k−3, 8p+4i−1 + S 8k−2, 8p+4i + S 8p+4i−3, 8k−1 + S 8p+4i−2, 8k ).
Thus we present explicitly basis elements of the ISA for all possible types of central charges.
Paragrassmanian Variables
The Case N=1
The description of IRs of the PPSA presented here and in [17] [18] [19] is seemed to be rather convenient in as much as it has been done explicitly in terms of basis elements of IRs of familiar pseudoorthogonal Lie algebras so(p, q). However, bearing in mind possible applications to generalize (para)supersymmetric quantum field theories, we consider here a formulation of such IRs in terms of paragrassmanian variables.
We start with the simplest case N = 1, when there exist the only (fourcomponent) parasupercharge and central charges are obviously absent . Then in the rest frame parasupercharges Q A can be expressed via parafermionic creation operators a + A and annihilation operators a A :
Operators a A and a + A satisfy the double commutation relations
There exist an infinite (but contable) number of non-equivalent fields satisfying (6.2), which can be enumerated by integer positive number p (called the order of paraquantization). For each p the operators a A can be defined using the Green ansatz [5] A , b
3 It is worth to note that the relations (6.2) can be written in the form [a A , a †
where N A is the operator of number of parafermions, and we can use the Dirac's contour representation [24] for describing these relations.
In addition it is supposed that there exist a non-degenerated vacuum state |0 > which is annihilated by any operator b . In addition to (6.2) we impose the following conditions:
It was shown by Greenberg and Messiah [6] that all irreducible representations of relations (6.2) in the Hilbert space with one cyclic vacuum which satisfy (6.6), must satisfy (6.7) with some positive p and are defined (up to unitary equivalence) by the conditions (6.6) and (6.7). Each such representation can be obtained using Green ansatz (6.3).
Operators b
(α)
A and b †(α) A can be realized also in terms of grassmanian variables b
Then paragrassmanian variables θ A are defined via the Green ansatz (6.3):
Using representation (6.1), (6.9) we can express basis elements (4.3) of IR of the PPSA via parafermionic creation and annihilation operators, or alternatively via paragrassmatian variables. Indeed, in accordance with (6.3), (6.9) and (4.4) for N = 1
(6.10) All the other basis elements of so(5) used in (4.3) can be found using (4.6):
(6.11) Formulae (4.3), (6.10), (6.11) present a realization of IRs of the PPSA (characterizing by N = 1 and arbitrary p) in terms of paragrassmanian variables.
Consider in details the simplest example with a nontrivial parasupersymmetric context, i.e., N = 1, p = 2. The related fermionic creation and annihilation operators can be realized in terms of the Dirac matrices γ
where γ (1) µ and γ (2) µ are commuting matrices satisfying the Clifford-Dirac algebra γ
Supposing that these matrices are irrducible and using Shur's lemma we conclude that they are of dimension 16 × 16. The corresponding relations (6.10) reduce to the form
(6.14) The other basis elements of algebra so(5) are
In view of (6.13) it is clear that matrices (6.14), (6.15) satisfy relations (4.6). Moreover, they satisfy also the Duffin-Kemmer algebra
(6.16) Representation (6.14) of algebra (6.16) is reducible and equivalent to the direct sum of representations realized by 10×10, 5×5 and 1×1 matrices. The condition of the existence of non-degenerated vacuum state for the related operators (6.3), (6.12) reduces this reporesentation to 10 × 10 one, as will be shown in the following.
In accordance with (6.3), (6.7), (6.12) the related parafermionic annihilation and creation operators can be represented as
Supposing that there exist the non-degenared vacuum state |0 > which is annihilated by a 1 and a 2 we can consrtuct a basis
> which is actually 10-dimensional. Thus the related matrices β µ are indeed reduced to 10 × 10 ones.
Formulae (6.17) present a realization of parafermionic creation and annihilation operators for p = 2 and the related paragrassmanian variables in terms of 10×10 Duffin-Kemmer matrices. Inverting these formulae we obtain the realization of these matrices in terms of paragrassmanian variables, refer to (6.10), (6.14).
Paragrassmanian Variables for arbitrary N and nontrivial Central Charges
Now let us consider the PPSA with arbitrary N and nontrivial central charges Z k < 2M . In this case we need a set of N parafermionic creation and annihilation operators which will be defined as 
In analogy with (6.4)-(6.9) we conclude that for any fixed j operators b +(α)j A can be realized as Grassmanian variables such that
(variables with non-coinsiding values of j should anticommute).
Like the case N = 1 we define parafermionic creation and annihilation operators and the related paragrassmanian variables using the Green anzsatz
Such defined operators satisfy the following relations
(6.22)
We again suppose that operators a Consider now parasupercharges (3.9) which we represent aŝ
or, alternatively, with using paragrassmanian variableŝ
Relations (4.3)-(4.5), (3.9), (6.24), (6.25) present a realization of all basis elements of the extended PPSA with arbitrary N and nontrivial central charges Z m < 2M in terms of parafermionic creation and annihilation operators and paragrassmanian variables.
Let us present a special realization of the extended PPSA with arbitrary N and trivial central charges which was called covariant [17, 19] . In this realization generators of the Poincaré group and parasupercharges have the following form
Here S µν are numerical matrices which commute with the orbital part of J µν :
and S
a are matrices defined in (4.5). It was shown in [19] that realization (6.26)-(6.28) is equivalent to (4.3). Like it was done above, matrices S µν and parasupercharges Q j A ,Q j A can be represented in terms of paragrassmanian variables
(6.29)
, a, b = 0. Representation (6.27), (6.28) admits an important generalization to the case of complex Grassmanian variables. Namely, we can set
(6.30)
where and the conjugated variables generate zero double commutators with non-conjugated ones:
In analogous way starting with representations with non-trivial charges (4.3)-(4.5), (3.9), (6.24), (6.25) we obtain the following realization for parasupercharges
where Z ij is the matrix whose elements are given in (3.8). The corresponding generators of the Poincaré group are still given by relations (6.26), (6.30) These are realizations (6.26))-(6.32) which will be used in Section 8 to generate parasupersymmetric motion equations. We notice that in contrast with representation considered in Sections 3-5 representations (6.26), (6.30)-(6.32) are reducible.
Invariant Wave Equations
Linear Models
One of possible application of presented representations of the PPSA is search for the related invariant equations, i.e., equations which are invariant w.r.t. both the Lorentz and parasupersymmetry transformations. To make such search it is possible to use well developed theory of relativistic wave equations (for survey refer, e.g., to [25] ) and also newledge of the spin content of parasupermultiplets [17] , [19] .
Here we present examples of such invariant wave equations. Let us start with the simplest model compatible with PPSA (which is reduced in this case to PSA), i.e., with the famous Wess-Zumino (WZ) model [2] . It includes one spinor field ϕ and two spinor fields A + and A − which satisfy the following equations
The system (7.1) can be rewritten as a single equation
where ψ =column(ϕ 1 , ϕ 2 , A + , A − ), S µν are matrices defined in (6.28) which in our case are reduced to the form
3)
In addition, we choose such realization of the Dirac matrices γ µ that γ 5 = γ 0 γ 1 γ 2 γ 3 is diagonal and (γ 5 ) 11 = (γ 5 ) 11 = 1. Equation (7.2) is invariant w.r.t. the algebra whose basis elements are given in (6.26) -(6.28). Indeed, in our case
We notice that Σ commutes with all operators (6.26) .
Equations ( Both M and C are carier spaces of representations of the PPSA for p = 1. We denote the corresponding supercharges as
where α = 1 and α = 2 relate to M and C respectively, {γ (1) µ } and {γ (2) µ } are commuting sets of Dirac matrices satisfying (6.12). The corresponding generators of the Poincaré group are given by relations (6.26) , where
It can be easy shown T is a carier space of representation of the PPSA with p = 2. The corresponding basis elements of the PPSA are given by (6.26) (7.7) and by the following relation
where Q
(1)
A , Q
A and Q
A are operators given in (7.6) . This representation is reducibe, refer to (6.14)-(6.16). To select the ten-dimensional irreducible representation we have to restrict ourselves to symmetric part of parasupermultiplet (7.5), i.e.,
, 5 reduces (7.9) to the form In addition, we extend (7.9) to 11-dimensional multiplet
.., T 10 ) (7.11)
whereT 0 = c 4 ϕ 4 and temporary set T 0 = 0. In other words, we reduce the 16×16 dimensional representation of the related Duffin-Kemmer matrices (6.14) to the direct sum of 10×10 and 1×1 (trivial) representations. It follows from the definition of T SE that T 1 , T 2 , ... satisfy the equations:
Formulae (7.12) present the simplest system of relativistic wave equations which admits p = 2 parasupersymmetry. It includes the Maxwell equation for vector T a = H a −iE a which satisfies the usual divergenceless condition p a T a = 0, Weil equation for spinor χ and D'alembert equation for complex scalar T 6 . Invariance of this system w.r.t. the PPSA is obvious by construction. The related basis elements of the PPSA are given by (6.26) -(6.28) where −e 9,6 − ie 10,1 + e 10,2 + √ 2e 10, 4 .
Here e k,l denotes the unit element plased on row with number k and line with number l. Wave equations for p = 2 parasupermultiplet were first proposed in [14] . They differ from our formulation (7.10) by absence of zero divergence condition for T a and so are not relativistic-invariant.
In analogous manner, considering the tensor product of the multiplet (7.10) with a constant WZ supermultiplet and making reduction to symmetric states, we obtain wave equations for p = 3 parasupermultiplet, which includes non-trivial vector-spinor.Ψ c B (B = 1, 2, c = 1, 2, 3), vector ψ = column (0,ψ 1 , ψ 2 , ψ 3 ), Weil spinor χ, scalar ϕ and , in addition, one vector, three spinor and five scalar fields which are identically zero.The related system of equations has the following form
were S a are spin matrices for s = 1 whose elements are (S a ) bc = iε abc . Equation (7.13) coinsides with equation for massless field of spin 3 2 proposed in [25] . Wave function Ψ Continuing this procedure we can obtain equations for paramultiplets with p = 4, , 5, etc. Moreover, in analogous way it is possible to derive equations for massive parasupermultiplets. Thus, starting with the WZ equations
we obtain equations for p = 2 parasupermultiplet
, T 10 = 0.
In contrast with the analogous system proposed in [14] equations (7.13) are relativistic invariant. The first of equations (7.13) is equivalent to spinone equation in the Dirac form [25] .
7.2. Wess-Zumino-Weinberg M odel for arbitrary p, N and Z Here we present a formal construction of nonlinear models which generalize both the WZ and Weinberg [26] approaches to the case of parasuperfield with arbitrary p, N and Z.
We start with the case N = 1 and choose the realization of the PPSA in terms of paragrassmanian variables (6.26), (6.30), (6.31) (the related index j takes the only value j = 1 and will be temporary omitted). We define the corresponding representation space as a parasuperfield [27] Φ(x, θ, (θ) † ) depending on spatial variables x µ and paragrassmanian variables θ, (θ)
† . This space is reducible w.r.t. PPSA in as much as it is possible to impose on Φ(x, θ, (θ) † ) one of the following invariant conditions
commute with any element of the PPSA and so relations (7.17), (7.18) do are invariant. To obtain a clear interpretation of (7.16) it is convenient to apply the transformation
In accordance with (7.19) relation (7.16) reduces to
We notice that transformation inverse to (7.19) reduces D A to the following form
Using these definitions we can present invariant non-linear equation as
where m is mass and g is interaction constant. For p = 1 and p = 2 we recover supersymmetric Wess-Zumino model [2] and the model proposed in [14] respectively.
The Lagrangian which corresponds to equation (7.21) has the following form
The proposed model admits a stright forward generalization to the case of arbitrary N and nontrivial central charges. The related parasupercharges are defined in (6.32) while covariant derivatives are we obtain the field Φ + which does not depend on θ j A . The corresponding invariant equation again can be written in the form (7.21) where G has a more complicated form (7.23) . Equation (7.23) can be treated as a parasupersymmetric analogue of the Weinberg equation [26] for particle with arbitrary spin. Indeed, (7.23) includes only physical components present in the irreducible parasuprfield (no auxilary fields are involved), and is a partial differential equation of order 2(2s + 1) where s is the maximal spin value for the parasupermultiplet. In addition, operator exp(−2G) in the r.h.s. of (7.22 ) is a direct generalization of the related Weinberg construction and transforms J µν to J † µν .
Discussion
We present a description of IRs of the extended PPSA which includes ten generators of the Poincaré group, an arbitrary number N of parasupercharges, n central charges (n ≤ { N 2 }), and also internal symmetry algebra which is sp(n) ⊕ u(N − 2n). Such rather complicated algebraic structure admits an explicit description in terms of generators of the little Wigner parasuperalgebra which is equivalent to the direct sum of algebras so(3) and so(p, q) were p = 4N − 2m 2 − 2m 3 + 1, q = 2m 2 ; m 1 , m 2 and m 3 are numbers of central charges defined in (4.1).
In this way we complete investigations of IRs of the PPSA started in [17] [18] [19] . In particular, we obtain a parasupersymmetric analogue of known IRs of the PSA [22] which appear in our analysis as particular cases. Thus we present a new view point on PSA which is only the simplest link in the infinite series of the Poincaré parasuperalgebras.
A specific feature of our approach is that the basis elements of related internal symmetry algebra are given explicitly both in terms of matrices belonging to (pseudo)orthogonal algebras and in terms of paragrassmanian variables. In particular, such formulation can be useful for PSA and supersymmetric quantum field theory.
In addition, the extended PPSA admits such IRs which do not have analogues in the case of (extended) PSA. They are the representations which correspond to central charges larger then doubled mass considered in Subsection 4.3, 5.3 in the above, and representations corresponding to negative eigenvalues of the Casimir operators C 3 = P 0 |P 0 | or C 2 = P µ P µ , described in [17] [18] [19] .
We notice that realizations in terms of paragrassmanian variables which are presented in Section 6 for the case 0 < Z m < 2M only, admit stright forward extensions to the limiting cases Z m ≡ 0 and Z m = 2M (in the last case operators a The possibility to describe the considered classes of IRs of the extended PPSA using parafermionic creation and annihilation operators or paragrassmanian variables is a simple consequence of the well known fact that orthogonal algebras so(n) are isomorphic to algebras (7.5) [28] . In the case Z m > 2M representations of the PPSA are induced by pseudoorthogonal algebras (4.14) whose hermitian representations are infinite-dimensional. Such algebras cannot be realized via finite numbers of fermionic creation and annihilation operators, however, it is possible to construct the corresponding representations in terms of (para)bosonic creation and annihilation operators [7] .
We also present linear and nonlinear models invariant w.r.t the PPSA. The generalized parasupersymmetric WZ-Weinberg model is rather stright forward and simple extension of the famous WZ model [2] . However, it can lead to undezired complications which are typical to the Weinberg approach and are connected with presence of higher derivatives. Thus it is interesting to search for other models which admit this specific combination of symmetries, i.e., relativistic invariance and parasupersymmetry.
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